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(54) Device and n^ethods for determination of analytd in a solution 



(57) Method and a&say devices for the detection of 
the presence or amount of biological material, analyte 
(s), or microorgeHifsm(s) in a sample. The method in- 
cludes the steps of liquefying the sample (If necessary) 
and distributing the liqubfifld sample over The surface of 
tha as^ay device. The devfcs may comprise an Incuba- 
tion plate, a dip stick device, or other devlcGs. The de- 
vices have at ieast one reagent provided within the de- 
vices. Some devices have a generally flat horizontal sur- 
face whk;h is devided into a plurality of recessed welts. 



Others have one or more surfaces wSh reagent island 
(s) immobilized thereon. Each well or reagent island lis 
adapted lo hold a aliquot of liquid. The wells or reagent 
islands are sized and shaped, ^nd formed of a suitable 
rnaterial, to hold the aliquot within the well or reagent 
Island by surface tension. Any excess liquid from the Mq- 
" uef led sample Is drained from the surface of the device. 
The method then Involves incubating the- assay device 
until the presence or amount of the biological material, 
arialyte, or microorganism is determined. 
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RELATED APPLjCATlONS 

. [0001] This application is a continuation-in-part of U. 
S. Provisional Applicatfon 60/063.S3S, entitled METH- 
OD FOR QUANTITATION OF BIOLOGICAL MATERIAL 
IN A SAMPLE USING A REAGENT-CONTAINING IN- 
. CUBATION PLATE, filed October 27. 1997. 

BACKGROUND OF THE INVENTION 

[0002] This invention relates to the fieW of assay tech- 
nology, and in particular embodiments, to devlcss antf 
methods for quant if icatron of analytes. e.g„ biological 
material, in a sample. 

[0003] Many industriss need to detect and quantify 
the concentration and level of biological material oroth*' 
er analyte in a sample. For example, the detemitnetion 
of bacterial concentration in food and water is an essen- 
tial part of food and water quality testing. EPA regula- 
tions require that no colitorm such as Esoherichfa cofi 
can be present In potable water. The ■presence^'ab- 
eence" format of a tedtln9 medium, feuch as Colilert^ 
chemical mixture (lOEXX Laboratories, ME) vvhich is 
used as a tasting modiurn lor Escherichia coliarid all 
coJrform bacteria, Is very useful in mai<ing thte determi- 
nation. ColilertCE) chemical mixture is based on the Da- 
fined Substrate Technology described in Edberg, "Meth- 
od and Medium for use in Detecting Targel Mlcrobed in 
Sitv In A Specimen Sample of A Possibly Contaminated 
Material," U.S. Patent Nos. 4.925.789 and 5.492.993. 
[0004] However, thers are areas \Miere the quantifi- 
cation, not just the detection, of bacterial concentration 
is important- Examples of such areas include waste wa- 
ter, Incaming water in water purification systems, sur- 
face water, and food testing. For example, numerous 
restaurant chairts will only accept raw ground beef or 
poultry that contains less than a certain concentration 
of bacteria? contamination, Therefore, food processing 
plants must carry out the necessary microbiological 

. tests to determine the bacterial concentration of those 
food items before they can be released to customers. 
[0005] The classical methods of quantification ot bio* 
logical material are the standard plate count method or 
the multiple tube fermentation (MTF) method. A quantity 

* of sample being tksted for microbial contamination is 
first dispensed in A Petri dish. Then 15 ml of the appro- 
priate media is poLred over the sample. The Petri-dlsh 
is then swirled to njtix the sample in the medium and the 
Petri-dlah is left td eofidify at room temperature tor ap- 
proximately 20 minutes. The medium Is then incubated 
at a specific temperatunetor a specific time, and any re- 
sulting colonies era counted. 

[0006] The mult pie tube fermentation method is de- 
scribed in Recles tt al.: "Most Probable Number Tech- 



niques" published 



in "Compendium of MothodA for the 



Microbiological Examination of Poods", 3rd ed. 1992. at 



pages 105-199, and in Greenberg et al.. "Standard 
Methods For thd Exjjrnination of \A/atsr and Wastewater" 
Sth ed. 1992). In V.- .i method, a volume of sample is dis- 
pensed- into sevt.'*^' tubes representing this dilution 

s range. The tubes ^^jr^ then incubated at the appropriate 
temperature so that the -bacteria In each tube are al- 
lowed to grow. After incubation at a specific temperature 
for a specific time, the number of positive tubes Is count- 
ed. The most probable number can be determined from 

10 thefonnule described in Recles et al., supra, 

[0007] Water testing is mostly done by membrane fil- 
tration^ where a certain volume of water is passed 
through frie membrane and the membrane is incubated 
m a medium for a certain period of time. After appropri- 
ate Incubation, the colonies are counted. 
[0008] ]n many industries there is also a need to qual- 
itatively and/or quantitatively detect the presence of an 
analyte in a liquid solution. For example, the detection 
Of inorganic ions may be important in a manufacturing 
^ process using a test eolutlon. 

10009] Heretofore, the methods and devices general- 
ly relied upon for measuring an analyte in solution have 
either required removing all of an aliquot from the test 
solution or exposing a dip etlck to a teat solution. Al- 
2S though these methods and devices can detect an ana- 
lyte in solution, they suffer from a number of disadvan- 
tages. 

pOlO] The dip stick-related methods are not quanti^ 
tatrve. For example, in the general dip stick embodi-/ 
ments there Is no capability for determining or quantify- 
* ing the presence of an analyte in a unit volume of that 
solution. Instead, the d^ stteic is simply brought into con-. 
tact with the test solution. 

[0011] Other methods require a user to manually re-* 
35 rnove an aliquot from a test solution and transfer it to a 
separate device for detection or quantification of the an- 
alyte. • 
[001 2] Therefore, despite the ability of these methods: 
and disvices to detect an analyte in solution, the meih^ 
40 ode and devices cun-ently used have proven to have iim-' 
ited accuracy; and or to be oostty, ccmplicated, time con^ 
suming; and/or to have a iimited range of uses because 
of the particular assay technology. 
[0013] Thus, there exists a need for a simple, accu-; 
^ rate, and inexpensive method for the dsterminaiion of 
an analyte in solution without the disadvantages knowr^ 
In the prior art. In particular, there Is a need for devlee& 
and methods capable of providing a quantitative assay- 
of an analyte in a particular volume of a solution. 

so 

SUMMARY OF INVENTION 

[0014] The preeant invention piovidee devices and 
methods Tor detecting and ©numerating the presence or 
ss absence of biological materials, analytes, and microor-| 
ganlsms in sample sdutiona. 

[D01S] In one aspect, the Invention provides a sterile! 
incubation plate lor detemiining the presence or amount 



PA6E17l72'RCVDATm064:16:02PM[EastemStan(ltfdTline]'SVR:USPTO{FXR^^ 



02/09/2006 15:02 



612-455-3801 



HSML, P.C. 



PAGE 18/72 



EP 1 046 912 A1 



of a biological matsrlaf In & test sample. The plate is gen- 
aralJy described by a flat, hori2on1al surface containing 
recessed wells. Each well Is adapted to hold an aliquot 
of liquid, and has a size and shape, and is made of a 
material, suitable for holding the liquid aliquot wJthln the s 
well by the forces of surface tension. At lea^ one well 
contains at least one reagent for the detectlort of the bl- 
otogicaf material. No positive response Is generated in 
the absence of tht ^ target blobgfcal nraterlal. 
[0016] In e preferred er77bodiment, the reagent Is de- io 
posited Into the W 3ll3 by corona treatment and drying. 
In another embodiment, the plate may also contain a lid. 
The well or weHs may contain a plurality of reagents, . 
and different wells rnay contain different reagent© or dif- 
ferent comblnatton|s of reagents, so that numerous as- 
says can be oondJicted on a s»ng»e plate. TTie plate is 
preferably construtted of plastic, however, It may be 
constructed of oihir hydrophobic materiar(s) which are 
suitable for conduc|ingtheassa/ In a preferred embod- 
iment, the plates ofithe present invention will be rsctan- 
gular in ahape, however, they may also be circular in 
shape ^ or of any shape, in a preferred embodiment the 
wells are about O.lfe inches in diameter; In another pre- 
ferred embodimentl the wefis of the plat© hold a total of 
about 1 -milliliter of Solution. In another pref en-ed embod- 
fment, each well of the plate holds between 0.1 and 1 00 
III of liquid The well or wans of the plate may be cham- 
fered to aid In the removal of excsss fluid. The plate may 
further comprise a tiandle portion so that the operator 
' may manipulate the plate and conduct the aseaywfthout 30 
risk of contacting \m test sample. 
(0017] In anothe/ aspect, the Invention provides a 
sterile incubation pjlate similar to the plate deecrlbed 
above, and may be.ad^ted with each of Its embodi- 
ments/ with the further feature thai it oomprisea a fid 
which contains at one protruaion(s) which fil(s) into 
the well(s). In this aipect»- the reagent or combination of 
reagents is contained on the end .of the protru6ion(s) 
such that the reagent(s) wiiJ dissolve in the test sample 
upon closing or affiyrng the lid to the plate. In one enr^ 40 
i^odimeni, the protnJsions may feature a cavity. The rs- 
agant(e) or combin^ion of reagents will b© dried onto 
tha and of each pritrusion or onto the surface of the 
cavity. The surface of the cavity can also be corona 
treated b^ore depo siting the reagent. In this aapact as 
well, a reagent(s) or combination(s} of reagents can be 
dried on, or the protrusion (s) corona treated, and a com- 
bination of reagents may b9 utilized among multiple pro- 
trusions so that multiple assays can be conducted on a 
single plate. The lower plate portion can be adapted to 
all of the embodiments with respect to the plate de- 
scribed abovE^ 

[001 8J In another aspect, the invention deacrfbes a 
device for detennlninlg the presenceoramourrt of an an- 

alyt©(s) or microorg£inism(s) In a test solution. The de- ss 
vice features a subsiantiaify hydrophobic support struc- 
ture with at least one reagent island immobilized on the 
support structure which is capable of absorbing a pre- 



ctetamilned volume of test solution. The device aleo' 
comprises a means for determining the presence or' 
amount of the analyte or mieroorganisir>. the means be-' 
ing positioned on or within the reagent ielandfs). This 
aspect of the Invention may take the form of a plastic -or! 
polymer dip stick with on© or more reagent Island(s) im- ; 
rrjobiilzsd on It The reagent island may be made of any ] 
absorbent material, for example cellulose. 
[0019] The support structure may have multiple rea- - 
gent islands immobijized on it. Tho means for detennln- 
rng the presence or amount of microorganisms or ana- ■ 
lyte(s) may comprise a powder which Is incorporated on- • 
to or within the material from which the rejagent island 
fd prepared. The means rnay be a reagent or a combi- 
nation of nsagents which leads to a production of a ds- 
tsctable signal when target ana lytels) or microorganism 
(s) is present. The device may contain multiple reagent : 
islands which can contain different reagents or combi- 
nations of reagents so that numenoiis assays can be 
conducted on a single device. In a preferrad embodi- 
ment, the reagent islands are comprised of cellulose. = 
The support structure can be constructed of plastic, pol- - 
ymer, or any $ultBt>fe materiafs onto which a reagent is- 
land can be mounted and which will not Interfere with • 
tha assay. In another em bodiment, the device also com- : 
prises a containsr for holding the support structure be- 
fore, during, and after conducting the assay. Ths con- 
tainer will typically comprise a test tube and may further = 
comprise a cap for the test tuba to further protect the = 
device. 

[0020] In another aspect, the invention provides an 
assay device for determining the presence or amount of 
an analyte(s) or mioroorganism(s) In a sample which 
comprises a substantially hydro[:iioblc solid support 
strtjclure with at least one discrete reagent Island immo- : 
bilized thereon which is capable of absorbing and hold- 
ing a predetermined volume of test solution. Positioned 
on or within ihs reagent island is a msans for determin- 
ing the presence or absence of a target analyte or mi- 
croorganism. Th is aspect of the device further compris- 
es a container which is open at opposite ends. The con- 
tainer may typically take the form of a laboratory pipette. 
This aspect of the invention may comprise any of the 
various embodiments described with respect to the de- 
vice described above. The reagent islande can also be • 
arranged in zones such that each 2on& provides a sep- 
arate assay. The reagant islands can be adapted to re- 
tain ariquots of liquid by surface tension or by absorp- 
tion. The device may typically comprise an elongated 
strip. The reagent comprised in the reagent Islands may 
be a growth mediurri oran indicator growth medium. The 
reagent may also be an enz^mB or an enzyme sub* 
strate. 

[0021] In another aspect, the invention provides an 
assay device for determining the presence or amount of 
an analyte (s) or mrcroorganism(s) in a sample compris- 
ing a solid support structure whh at least one reagent 
island Immobilized thereon. Each reagent island Is 
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adapted to hold an alkiuot of Itqufd and is of a size and 
shape At\d made of a mat&rial suitable to hokl the 3Hc?uoi 
withm the rsagant is/and. At least one of the reagent is- 
lands contalns at least one reagent for the detection of 
the analytefs) and/or microorganiem(s) of interest. Ths s 
device does not provide a positive response for the an- 
alyte(6) or microorganism(s) when the analyt9(s) or mi- 
croorganism (s) fe not present fn the test sarrpla. 
I0Q22] I h a preferred embodiment the reagent islands 
of the device may. take up a preeefec^ed total volume. io 
\n one ernbodlment the devica may comprise a combf- 
nation of reagents located 1n separate reagent islands. 
In another embodiment, the reagent Islands are ar- 
ranged In zones, wherein each zone provides a sepa- 
rate assay so thai multiple assays may be conducted 
on a single device. The reagent Islands may tie adapted 
to retain alfc^uots of liquid sample by surface tension or 
by absorption. The reagent islands may be adapted to 
each take up equal volumes of liquid. Or the reagent 
Islands may exist in subset© of islands, wherein each . so 
subset consists of at least one island, and each subset 
takes up different volumes from the other subsets. Th© 
device may be constructed so that the reagent islands 
are Immobilized on more than one surface. In different 
embodiments, the device may be a plate or an elongat- ss 
ed strip. In a preferrad embodiment, the support struc- 
ture may be constructed of a hydrophobic material. )n 
one embodiment, the at least one reagent may be a 
growth medium. In a specific embodiment, the growtli 
medium may be e indicator growth medium. In vartous 30 
embodiments, the at least one reagent may be cells ^ 
at least one bacterial s1rair\. an enzyme, or an enzyme 
substrate. 

[002d] The invention also provides methods for de- 
tecting the presence or amount of bbloglcal material in ^5 
a sample. Irt one aspect the method comprises the steps 
of 1 ) providing an incubation plate wrth at least one well 
which contains at least one reagent for detecting the bi- 
ological material, the plate compnsing a generally flat 
horizontal surface defining multiple recossed wells, 
each well being adapted to hold an aliquot of fiquid. and 
being of a size and shape and constructed of a material 
-suitabie to hold the liquid aliquot within the well by sur- 
face tension and wherein at least one well contains at 
least one reagent for the detection of the biological ma- ^ 
terlal; 2} llquefying the test sample If neoeesary, and dis- 
tributing the sample over the surface of the incubation 
plate; 3) draining off any excess liquid; and 4) incubating 
the plate until the presence or absence of the biological 
material in one or more wells Is detemnlned so thai the 
amount of biological materials can be determined. The 
distributing etep may comprise dipping the plate into the 
sample, or pouring, and may optionally include swirling 
or tipping. 

[0Q24] This aspect of the Invention can be adapted for SS 
all of the separate embodlrhente with respect to tiie plate 
devices diaeutsed above. 

[002S] ' In another aspect, the invention provides e 



method of detecting the presence or amount of a blO" 
logical material in a sample, comprifiing the steps of 1) 
providing a sterile incubation plate with a lower portion 
which is a generally flat horizontal surface and contains 
multiple recessed wells adapted to hold an aliquot of liq- 
uid and being sized and shaped and formed of a material 
suitable to hold the llqurd within the well by surface' ten- 
sion, and a lid with at least one protrusion containing at 
least one reagent for the detectbn of.biologioai materi- 
als, wherein the protrusion fHs Into Indn/idual wells when 
the lid Is closed on the lower pfate portion; 2) liquefying 
the test sample if n ecessa/y, and distributing the sample 
over the surface of the incubation plaie; 3) draining off 
any excess liquid from the piste; 4) closing the lid on the 
lower plate portion such that the raagentCs) on the at 
least one protrusion contacts allquots of liquid in the 
wells, thereby allowing dissolution of the reagentfs); and 
4) incubating the plate until the presence or absence of 
the biological- material in one or more wells is deter- 
mined so that the amount of 4>iologicaf materials can be 
determined. 

[0026] This aspect of the invention can be adapted 
with all of the embodiments with respect to the methods 
cfiscussed previously, and all of the embodiments with 
respect to the plate and lid device discussed previously. 
[0027} In another aspect, the invention provides a 
nrethod for making an incubetion plate with at least one 
reagent, the method ocmprising the steps of 1 ) providing 
a plate with a generally flat horizontal surface with re- 
cessed welle which are sized and shaped and formed 
of a material suitable to hold aliquots of test sample with- • 
in ea^ih wail by surface tension; and 2) drying at least 
one reagent intothe<well(&). 

[0028] In preferred embodiments at least one well 
may be corona treated prfor to the drying step. In anoth- 
er enrtbodiment» the corona treated portion may consist 
essentially of an Inner surface of at least one well. In a 
preferred embodiment the reagent rnay be a ceHular 
growth medium, or a bacterial growth medium. Ths plate 
may be made to suit all of the-ernbodlments of the plates 
discussed previously. 

[0029] In another aspect, the invention provides a 
method for making an incubation plate comprising the 
steps of 1 ) providing a sterile incubation plate with a low- 
er portion whieh Is a generally flat horizontal surface and 
contains recessed wells, each well adapted to hold an 
aliquot of liquid and being elzed and shaped and formed 
of a material suitable to hold the aliquot by surface ten- 
sion» and a lid with at least one protrusion which fits into 
the individual wells when the lid is closed on the lower 
plate portion; and 2) drying the reagertt{s) onto at least 
one eaid protruelon. This aspect may contain all of the 
embodiments of the Invention described previously with 
respect to the other methods and plate devices. 
[0030]' In another aspect, the invention provides a 
method of manufacturing a device useful for detecting 
an anaiyte<s) or microorganrsm(s) 'm a test solution, the 
method comprising the steps of 1 ) providing a material 
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capable of absorbing a predetermined volume of liquid 
peramountof materlaf; 2) preparing at least one reagdnt 
. rsland from the rnaterjal; 3) corrtbirting the material with 
a means for detecting the preserve or amount C3f the 
analyte oi* mfcroorganism: and 4) securing the reagent s 
leJand to a substantially hydrophobic support structure. 
[0031] In various embodlmente. the preparing step . 
may comprise preparing murtiple reagent islands. In an- 
. other embodiment, the reagent islands may be capable 
of absorbing a predetermined volume of solution. iq 
[0032], In anothor aspect, tha invention provides a 
method of detecting ari analyte or microorganism fn a 
test sample comprising the steps of 1) contacting the 
test sample wim at leaet one reagent island capable of 
• abeorblng a predetermined volume of lest solution and is 
imfnobllized on a support structure, and which compris- 
es a means for determining the presence or absence of 
an anafyte 6r microorganism positioned on or within the 
reagent isiand(8); 2) separating the te«t sample from the 
reagent Island(s) afler the reagent lsrand{s) has ab- so 
sortsed a predetermined amount of sample; 3) subject- 
ing the rea9ent i8land(s) to reaction parameters which 
allow development of the reagent and generation of a 
sensible signal; and 4) determining the presence or 
amount of an analyte or microorganism. 2S 
In another aspect, The invention provides a method for 
detecting an analyfe or microorganism in a test sample 
which comprises the steps of 1 ) selecting a test solution 
forthe detection of the analyte or microorganism; 2) pro- 
viding a device which comprises a substantially hydro- 30 
phobic support stmcture and at least one reagent island 
(s) fmmobfllzed on the support etructure. and which is 
capable of absorbing a predetermined volume of theteet 
solution and comprises a means lor determjning the 
presence or amount of the analyte(s) or microorganism ^ 
(e),^ 3) contacting the device with the test solution for a 
tlme^ sufficient to allow the reagent island(s) to absorb 
the predetermined volume; and 4) allowing the means 
for determining the presence or amount of an analyte(s) 
or microorganism(e} to determine the presence or ^ ' 
amount of the- analyte(5} or microorganism. In one em- 
bodiment the contacting step may involve introducing 
the device into the test solution and rernovjng itfrom the 
test solutiorr. In another embodiment, the providing step 
may comprise providing a determining means which 45 
comprises a reagent which produces a sensible signal 
that signifies the presence or amount of an analyte(s) 
or microor9anism(s). In another embodiffient, the allow- ' 
ing step may comprise subjecting the device to reaction 
parameters sufficient to allow development of the rea- so 
gent_ Another step may be added to the method com- 
prising obeen/ing the determining means, or a step of 
determining the presence or amount of an anaiyte(8) or 
microorganism(s], or a step of determining the quantity 
Of the analyte or microorganism. ss 
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BRIEF DES CRIPTION OF THE DRAWINGS 
[0033] 

Fig. 1 A is a plan view of a first embodimeni of the 
device for the determination of analyte in solution 
of the present invention; 

Fig. 1B is an enlarged cross section of Fig. 1 A taken 
at lines 1B-1B; 

F\g, C is a side view of the first embodiment of the 
present Invention of Fig. i A; 
Fig. 2A is an enlarged view of Fig. I B shovwng a 
well without a chamfer; Fig. 2 B is an enlarged view 
oi Fig. 1 B showing a well with a chamfer; 
. , Fig. 3A is a plan view of a lid for the device of the 
first embodiment of Rg. 1 A; 
Fig. 3B is an enlarged, partial side view of the lid of 
Fig. 3A; 

Fig. 3C is a side view of the lid of Fig. 3A; 
Fig. 3D is a perspective view^ partially exposed of 
the lid of Fig. 3A placed over the device of Fig. 1 A; 
Fig. 4A Is a ^lan view of a second embodiment of a 
lid having a plurality of protrusions on the inner sur- 
face thereof; 

Fig. 4B Is an enlarged section of the lid of Fig. 4A 
taten at Itnds 4B''4Bi 

Fig. 4C is a aide view of the lid of Fig, 4A; 
Fig. 4D is a parttaUy exposed, enlarged perspective 
view of a portion of the lid of Fig. 4A showing the 
protrusions thereof; 

Fig. 5A IS a plan view showing the Hd of Fig. 4A 
placed on the device of Fig. 1 A; 
Rg. 5B is an enlarged, exposed vievi^of Fig, 5 A; 
• Fig. 5C is a side view of Fig. SA; 
Fig, 6A is a plan view oi a second embodiment of 
. the device of the present Invention having a handle; 
Fig. 6B is a cross sectional view of Fig. 6A taken at 
ilnesSB^B; 

Fig. 6C is a side view of the second embodiment of 
the device of Fig. 6A; 

Fig. 7 A is a pisn view of the- embodiment of Fig. 6 A 
having a lid placed thereon; 
Fig. 7B is a cross sectional view taken at iines 7B- 
. 7B of Fig. 7A; 
Frg. 7C is a side view of Fig. 7A; 
Fig. B Is a plan view ot a third embodiment ot the 
present invention employable as a single assay dip 
stick devtoe; 

Fig. 9 is a side view of Fig. 8; 
Frg. 1 0 is e fourth embodimeni of the device of the 
present Invention employablG'as dip stick assay de- 
vice having a multiple reagents tslemds; 
Fig. 1 1 shows the device of Fig. 1 0 In which multiple 
assays have been peHomied; 
Rg. 12 is a perspective view of the fifth embodiment 
of the device of the present invention In which a dip 
stick assay device having two planes with multiple 
reagent islands thereon is removably Insertable In 
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a lube wrth a cap thsreon; 

Fig. 1 3 is a perspective vIewoT r sfxih embodrment 
Of ths device of the present inv^ ^ion in which a pfu- 
rality of reagent islands are loc 'jied irt moro than 
one plane on a stick ar>d are removably locatabfe in 
a tube havlr)g a removable cap thereon; and 
Fig. 14 is a perspdcth/e view of a seventh embodr- 
■ ment of the device of the present invention In which 
a laboretpry pipette contains an elongate biock hav- 
ing a piurality of reagent Islands on one or more 
sides thereof.- 

. DESCRFPTION OF THE PREFERRED 
EMBODiMENTS 

. Defmitfone 

[0034] 

"Micnoorgariism' - microorganisms means any mi- 
crobe, Inciuding bacterfa, fungi, or protiste. 
'Bacteria'* - ati organisms belonging to the Kingdom 
Monora. 

"Sioiogicdi Material" - any materiai derived from a 
biological organisrh. 

Target Organisms" - any "Microorganim" prefera- 
bfy but not limited to E. coli, yeast and/or mold. 
*Ceir • any cell found in a plant, animal, bacteria, 
orany other living organism. 
'Analyte* - any atom or molecule or ion which is irv 
- voivdd in ceitular metabolism in a living organism. 
Target Analyte" - any "Analyte", preferably but not 
limited t5 metabofrtes and/or enzyme activity. 
'Proteinaceous Matenal" - proleins^ peptides, en- 
zymes, or amino acids. 

■Hydrophobic" - having a sufficient da gre© of hydro- 
' ' pfiobicity to prevent ■crosstalk' or bridging of liq- 
uids, such as samples or reagents* or adjacerrt in- 
cubation cells, wells or rslande. 

structure 

[003q The present invention provides a simpler 
method for accurate quantification of the number of mi- 
croorganisme in a sample, or for quantification of any 
other type of analyte, such as discrete particulate bio- 
logical material within a sample. Such bk^logfcal. mate- 
rials include fungi or other llvrng organisms, as well as 
aggregates of proteins, such as enzymes, or even CO* 
factors, using reaction mixturee well known to those in 
the art. the invention generally makes use of a novel 
article which j& designed to take-up and hold a pre-se- 
lected volume of a Ifquid sample and to provide a resa- 
gent or reagents to such eample volume. In preferred 
embodimentB, the prs-^elected volume Is divided Into a 
plurality of eample aPtquots, The piure.lity of sample al- 
Iquots niay be all of the same volume or may be m sets 
of allquots, where each set contains aiiquots of different 



volumes. 

(0O36] The devfcQ used is generally, in the form of a 
sterile incubation plate having a multitude of wells able 
to hold separate aiiquots of liquid. The device is con- 

s structed to contain at least one reagant provided to the 
at least one well and preferably to a plurality or aH of the 
indh/idual weifs. Because the plate, which can include a 
lid, contains the reagent or reagents* the reagent(s} ia 
present in Ihe plate prior to Introduction of a sample. For 

^0 example, such a reagent may b& a spscific growth me- 
dlurri for .'bacteria. The reagBnt{s) is provided prior to 
sannple addition In a manner such that the reagent rs not 
• significantly washed or dissolved away. during sample 
addition. The provision of the reagent or reagents within 
the plate eliminates the need for a tester to separately 
prepare the reagent and then add it to a sample or to 
the test pfate. In addition, in many applications, the con- 
strtjctton of the Incubation plate is pnefsrabty arranged 
so that no pipetting is required, the plate ta simply dipped 
into the sample, or an approximate quantity of the lique- 
fled sample is poured onto the surface of the plate, and 
a designed volume of sample is retained within the 
welfs. In this mode, the plate provides an aulo-dispens- 
Ing function. 

[00371 Each well to which a reagent or reagents is pro- 
vlded may receive the same or drfforent reagents. Thus, 
where a plurality of reagents is used, separate wells may 
receh/e different single reagents, differsnt combinations 
of reagents. Of combinations of these possibiiitids. 

30 [0038] The phrase "at least one well is supplied with 
at least one reagent' means that one or more reagents 
are contained in the plate prior to sample addition in a 
manner so that the reagent or reagents will be present 
. in a significant amount in at least one of the individual 

^$ wqIIs during Incubation. Thus^ the phrase distinguishes 
from situations v^iere the user adds the reagent along 
with the sample or In such a manner that the' reagent is 
sui;>stantially diluted or dissolved in the sarrpie prior to. 
draining off any excess sample Ikquki from the plate. In 

4o some ertitxsdimente, not every well will contain each re^ 
agent or may even contain no reagenL Thus, preferably 
the reagent or reagents are present In a manner such 
that a discrete quantity of i'eagent or reagents is sup- 
plied in or to each intended recipient well ir>dividually. 
whlie M Is possible for a user to prepare a plate by de- 
positing a reagent In the wells ot a plate prior to sample 
addition, preferablytheplate Is provided to the user with 
the reagent (s) already dsposfted and preferably dried in 
place. 

so - [0039] Generally, the wells are designed to form sep- 
arate iricubatfon chambers for each sample aliquot. Tha 
wells can be of the same size or of different sizes and 
shapes to increase counting range and/or simulate di- 
lution effects. 

s$ [0040] Thus, In a first aspect, the Invention features a. 
sterile Incubation plate having a generally flat horizontal 
surface. The surface defines a pluralrty of recessed 
wails (In preferred embodiments, at least 40, 30. dO or 
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even 20O recessed wells ars provided) and each well is 
adaptedto hoJdaltquolsof liquid by surface tension. Any 
excess Ifquid from the lfciuid.sarnple drains from the sur- 
face) of the plate outside xh& wells due to the hydropho- 
• biclty d the material used to forrrr the plate. The piffte s 
may be constructed of plastic or other hydrophobic ma- 
terial. In other embodlmenis, the plate may be generally 
crrcLf Jar in shape; or have any shape. 
£0041] The piatfl is constructed to contain at least one 
reagent, e.g., a growth medium, and to provide that at 
least one reagent Individually to at least one welt. Tliue, 
the reagentCs) fs provided within the plate rather than 
being added separately. In genenei. the reagent or rea- 
gents are provided direptly to individual wells. In other 
embodimente, dilTerent wells can contain different rea- is 
gents ordffTerent comblnal/ons of reagents to provide a 
. variety of applications. For example, the provision oJ dil- ' 
Terent reagents or different combfnallons of reagents to 
different wefis can provide a plurality of different assays 
on a single pJaie. The reagentCs) fs provided In such a 
manner that rt is not appreciably washed away during 
the aliquoting or auto-aliquoting process (as described 
below). 

[0042] In other preferred embodlmente. a lid is also 
provided to prevent contamination of liqufd within the 
wells; and the plate is provided rn a sterile form eothat 
■ no posrtive aitquots are noted unless at least one bio- 
logfcal material particle is present in the sample. In em- 
• bodimems in which a i^d is present, the lid is regarded 
as part of the incubalion plate, whether attached or sep- 
arate from the plate portion containing the wells. In this 
context, the fid Is the lid portion', and the plate portion 
containing the wells Is the Mower plate portion*. The lid 
can be a top coveri but can also be constructed as a 
container, such as a clamshell arrangement, so that the 
plate portiOTY containing the wells can be fully contained 
wUhin the lld/cortainer. In another preferred embodf- 
ment, the lid Is designed as a rectangulartuhe. such that 
ihe plate portion Is inserted into the open end of the tube; 
generally an enlarged portion of the plate will close the 
open end of the lube -shaped lid, 
[0043] Inapreferred embodiment, the reagent is coat- 
ed Into, individual wefls in a manner so that the reagent 
will not be appreciably. washed or dissolved ocn of the 
well during the process of distributing the sample into 
the wells. As an example, the inner surface of the wells 
can be corona treated so that the reagent will tightly ad- 
here to the plate when dried and will therefore dissolve 
only slowly when contacted with the liqutd sample. Ad- 
ditional agents can be added to the medium or coated . so 
on the medium in the wells to further ccsntrol the disso- 
lution rate, 

[0044] In other preferred embodiments, the plate in- 
cludes a lid which has a structure designed and adapted 
to deliver the reagent(s) to the individual well{s>. For ex- ss 
ample, the lid can be conetmcted with a projection or 
protuberance which holds the reagent> and preferably a 
plurality Of such projections or protuberances, such as 



a projection for 'each well. The' lid may be attached to 
the lower portion of rhe plgte or may be separate. When 
the Ird is closed, or placed onto the lower portion of the 
plate after aliquoting of the sample, the reagent will con- 
tact the liquid sample in the well and w?li then dissolve 
into the liquid sample. The reagent may be coated onto 
the projection, such as by using corona treatment of the 
surface of the projection to adhere the reagent to the 
projection. The reagent may also be dried onto the pro- 
trusion or protrusions of the lidl The projaction may also 
have a cavity to hold the reagent, the surface of which 
may be treated to Improve adhesion of the reagent. Dif- 
ferent reagents, or different combinations of reagente 
may be coated onto each of the projections.' 
[0045] In yet other embodiments, the plate has a re- 
agent delivery portion. The reagent delivery portion Is 
constructed to hold a sele[Cted quantity or quantities of 
one or more reagents and to deliver .that reaQeni(S) in- 
dividually to one or more wells. For example, the reagent 
delivery portion can be a frame attached to the under- 
side of a ltd portbn with rings or cylinders which hold the 
reagent or reagents. When the lid re .closed following 
eample distribution, the reagent or reagents will contact 
the Individual sample aliquots and disperse rn the liquid. 
Other confrgurations can also be designed. 
[0046] The generally flat horizontal Surface is de- 
signed to allow the liquid tobealiquoted readily between 
the wells and then excess liquid to be drained from the 
plate vt^ile reia rning a liquid sample aliquot within each 
of the wells. Ttiose in the art will recognize that the depth 
and shape of the wells, ae well as the material used to 
niake the wells and the plate, are chosen euoh that sur- 
face tension can be used to hold the aliquots against 
gravity within each well, dependent on the type o$ the 
-liquid used in the liquefied sample; those skilled in the 
art will understand the factors for selecting plale mate- 
rials and well sizes appropriate for the various liquids. 
Preferably the sample is an aqueous solution, more 
preferably a dilute aqueous solution or suspension. In a 
preferred embodiment, the vyell has a diameter of about 
0.15 or 0.16 inches. Preferably a well holds between 5 
and 1 00 ^1. Also in preferred embodiments, the well may 
have a shape designed to enhance retention of a sam- 
ple aliquot, arid/or retention of reagent within the well. 
An example of such an alternate well shape is a gener- ' 
any circular well with ribs projecttng toward the center 
of the well, but otner designs can also be used. In a pre- 
ferred embodiment the weiie are chamfered to allow liq- 
uid that is atiove the horizontal plane to be poured off 
easily (see Fig. 28). The dimensions of the wells and . 
the number of wells on a plate can be selected so that 
a particular total volume is retained on a plate. Prefera- 
bly a. plate retains a total of between about 0.1 and 10 
ml., more preferably about 0.6, 1, or 2 mi., within the 
wells. 

[0047] The incubation plate may be formed of any de- 
sired material, but in particular rt is desirable that a plas- 
tic be used which allows separated aliquota of the llque- 
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•fied sample to be held by surface tension within ©ach 
well without cross contamination of the walls. Prefera- 
bly, th9 material 16 hydrophobic. The surface can be un- 
treated or treated chemicginy or phyelcaliy to enhance 
retention of liquid wKhin the wells, even when the plate 
is inverted or tipped at any angle frorh the horizontal. 
The plat© may also be treated to enhance adhesion of 
a reagent or reagents wrthin a well or on another desired 
surface of the plate, for example corona treated. Gen- 
erally, the- reagent will be dried onto the plate surface. 
• [004SJ In yet other preferred embodiments, the" incu- 
bation plate is clear or colored, lor example, white or 
yeJtow (to enhance the appaarance'of color (s.g., blue)) 
within the incubation pfate). and the plate hae rectangu- 
lar dimensions of gtbout 1.5 by 2.5 inches or 1 by 4 inch- 
es, or for otrculBT platee. a diameter of about 3 or 5. 
inches . 

[0049] In related aspects, the Invention features 
methods for detection of a blotoglcal rrvaterial in a sam- 
ple using an incubation pfaie having at lea^t one reagent 
as described above. The methods include the steps of 
liquefying the sample (if necessary) and distributing the 
liquefied sample over the surface of an incubation plate 
as describedfortheabove aspecC, preferably by dipping 
the plate into the sample. In an alteniattive ennbodlment, 
the sample Is poured ihtothe plate and the plate is tipped 
or sv^irled needed tb distribute the sample; In this dnv 
bodimerit, ihe well-contairiing area of the plate Is sur- 
rounded by a wall which rejtains the sample on the plate 
durir>g sample distribution. As described above, each 
well is adapted to hold an aliquot of liqutd and is sized 
and shaped, and formed of a suitable materiaL to hold 
the aliquot within the well by surface tenston. The aliq- 
uots of liquid enter the individual wells without being ep- 
pHed individually, and therefore the method incorporates 
automatic aiiquoiing (or aiito^Iiquotlng). Any excesta 
liquid from the liquefied sample drains from the suKace' 
of the plate OLPtside the wells due to the hydrophobiclty 
of the material used to form the plate. 
[0050] ' In one method the plate has at least one rea- 
gent in at least ohe well prior to sample addition, so that 
following autoaifqouting of the liquid sample into the 
wells, the reagent or reagents dissolve into the liquid. In 
a related method, the reagent or reagents are contained 
in the lid, duoh as on or in protrusions in the lid which 
project into welts when the lid is closed on the lower plate 
ponion. Tiius. when the lid is doeed, the raagent{6) con^ 
tacts the liquid aliquot in the individual well or wells, and 
then disperses or dissolved in the liquid. 
[0051] in the context of this invention, the term 'dip- 
■ ping" refers to a brief immersion of at least a portion of 
an Incubation plate in a liquid Preferably the period of 
immersion is less than about 3 seconds, more prefera- 
bly less than about 2 saconde, and still more preferably 
less than about 1 second. 

[0052] As described, the plate iS constructed to con- 
tain at least one reagent, such as a growth medium, and 
preferably ail the reagents needed for the particular as- 



say whore the reagent Is in the plate prior to distribution 
of the sample. In other embodiments, different wells can 
contain different reagents to provide a variety of appli- 
cations, for example, to provide a plurality of different 
s assays on a s^gle plate. The reagent(s) is provided in 
such a manner that rt is not appreciably washed away 
during the auto-aliquoting process. Any needed rea- 
gents not provided directly in the device can be provided 
in the sample or directly into the plate at the time of use. 
The method then involves incubating that incubation 
plate until the presence or absence of the biological ma- 
terial Is determined. 

[0053] . Also in preferred embodiments, the plate is 
provided with a handle ponion by which the user can 
IS grasp the plate while .avoiding contact with the sample 
application portion of the plate. For applications where 
the sample is distributed over the surface of the plate by 
dipping the plate into the sample, at least a portion of 
the handle is not dipped into the san7ple» thus aiding in 
preventing contamination of the plate ancVor the sample 
by contact wfth the user's hand. 
[0054] The sinape of the incubation plate is not critical, 
but in preferred embodiments id a generally rectangular 
shape. Another example is a generally circular shape 
(such as- that of a Petri dish). Indeed, the incubation 
plate can be used to take the place of a Petri dish. Spe- 
cifically, the method of this Invention can be used to re- 
place those existing tests that are generally run on Petri 
dishes to score the number of microbial coksnles. Since 
discrete aliquots of the sample are provided in the plate, 
one of ordinary sicill In the art need only score the 
number of positive wells in the plate to define the quan- 
tity of biological material within the original sample, as 
with the* MPN tbst discussed above. In preferred embod- 
iments, the incubation plates of these methods arecon- 
sli-ucted o1 plastic, or other hydrophobic mjsrterials. • 
[0055] As noted above, tlie biological material that 
can be delected is any material that fomis a discrete 
particle, such as a microorganism, which may be quan- 
tified by determining the presence or absence of such 
a biological rriatsriai v^hin each well of the rnciibation 
plate: The sample may be any biological sample or en- 
vironmental sample such as waste water, food, a sur- 
face swab, or swabs from other surfaces, such as a 
throat, or other samples well known to those in the art. 
This sample may be a liquid sannple, or may be dis- 
solved In a llqukl to form the liquefled sample. Thus, the 
term "liqueiying' refers to providing the sample in a liq- 
uid that can be rapidly aliquoted within the incubation 
plate. The liquefied sample may remain as a liquid or 
may be solidified, e.g., gelled, in the wells after excess 
liquid is renr>oved, 

[0056] This invention provides an extremely useful 
device and method which allows unskilled personnel to 
rapidly determine the quantity of biologicdl material with- 
in a sample. Since the sample Is readi^ liquefied by peo- 
ple without significant trainlngjn microbiology, and the 
materials for any specific tests can be provided by the 



25 



30 



95 



40 



4B 



SO 



B 

PAGE 23ff2 * RCVD AT 2/9/20064:16:02 PM [Eastern Stan(lar(l 



02/89/2006 15:02 612-455-3801 



HSML, P.C. 



PAGE 24/ 



to 



13 



EP 1 048 912 A1 

tamh^at-on of the reagam or .rmrs in 6ilu,ion Z^ 

[Oasaj Ths present device can be usee/ partJcutenu m 
foodanalyalsandlntestlngof Clinical JmpCrine,^ 

th^many of the tests can be performed by observing 
flaorescence (whfch Is :,ot readily perfp^r^ed In an aoar- 
. ««"tarn|n9 Peiri diah). The device i« partfcularly useful 

f^"" " ^ '^'9^ microorganisme 
present in a aampte, such se more than one organiem 
par one ml or per ten ml: w»n6m 
1005^ CJlher, featured and advarriages of the inven. 
tlon vwit be apparent from the following description dt the 
praferred embodiments thereof, and from the claims 
ipoeoi Referring to Figs. 1 A-1 D, there is shown an in- 
cubation plate 10 having a plurality of wells 1 2 each hav> 
iri9 a diameter of about o.ifi inches. The incubation 
plate 10 has rectangular dimensions of about 27x14 
inches. The incubation plate is made of fbmiad ptaatic 
Wells 1 2 are spaced apart sufficiently to prevent cress- 
talk between the wells. Thesa wells may have achamfer 
(Fig, 28) if desired to prevent liquid remaining at the up- 
_ per edge of the well. The inner surfaces of the we lis can 
be corona treated and a reagent, such as a growth me- 
dium, can be dried onto those surfaces, ThG reagentcan 
be either a single reagent or a combination of reagents 
Those In the art will recognize that incubation plate 10 
can be readily formed by standard procedures and man- 
ufactured with or without perimeter wall, and with or 
without a lid 14 (Figs. 3A-3C). This lid is pmvided with 
dimples 16 to prevent contact of the lid with plate 10 
.10061] Referring to FIga. 4A-40 and 5A-5C. a rectan- 
aular incubation plate 10 is shown with a corrBspond/ng 
IW 20. The lid Is constructed with a set of projections or 
protnjslons 32 which project into the w^iis 12 of the plate 
when the lid ie closed on the plate. The reagent may be 
applied to the ends of these protrusions so that when 
the lid is placed on tlie plate, the protrusions project Into 
ihs well and the reagent diseolvee in th© test sample. 
The lid can be separate from the lower plate or car» be 
fomied as an integnai part For example, ttie ltd portion . 
can be attached to the lower plate portion with a thin 
plastic "hinge portion", which will allow the lid to be 
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contained in the cavities h thl 
rn ine case wrtore the roagem is a bactaria/ orow^ m«- 

rn™ J ^^^^ ^ ^'^^•^ bacteria. . 

/ ''fr ^""^^ ^ ^^"^'^ construction to 

IC^J ^ "^^^'^ portion, thereby 

l^^,";;^!''^^^^^^^^^^^ with the sample ap 

wh«dh the plate is dipped Into a fiquld sample, by gr^ep- 
the handle portion, contact of the user's fingare or a 
^JO^dm9 deviCG with the bulk gampl© can be avdded 
fiiereby roducrng the chance of accidental coniamlna^ 
t»on of the san^ple. 

Fig. 7A-7C. together with a lid 20. This exemplary lid Ie 
formed to fully enclose the plate, and Is thereby able to 
prevent eontamlnatten of the underside of a dipped 
plate, and to prevent contamination of bench surfaces 
or other objects with liqueflecl sample from the under^ 
side of a a\pp^ plate. Thus, in use, the well-oontalning 
portion of the plate Ie dipped Into a f/quefled samp/e ex- 
cess hquw is drained from th© plate, ard the plate Is 
inserted mtoihe lld/contalnerfor Incubation. Thelid/con- 
taincr 20 can be held closed using f riction-f It matchino 
depressions 22 ih the upper and lower portions of the 
iid. Ihe welle of the plate my be chamfered. 

CoaiinQ of Plate Surfftea a with Reag ent 
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[00641 A variety of dffferent methods can be used for 
• Prtjviding a reagent or reagents within an incubation 
plate. For example, a reagent could be provided so that 
the reagent would be readily and quickly flissdvad on 
contact With a buffer or solutior?. preferably aqueous so- 
lutloh. In such an embodiment, th© Qi^^a^^Xlx^f cA liquidadd- 
ed should be controlled so that the rasulthg concentra- 
tion of reagent distributed into the wells would be appro- 
priate. Thus, in this caee, the reagent could be placed 
Inside the ihcubatipn plate In any manner and location 
which would retain the reagent during handling but 
would allow rapid diaeolution on addition of the Wqufd. 
[DD6^ In this Invention, how&ver, the reagertf Is pro- 
vided in a manner and/or locatfon in the plate so that it 
is not neceesary 'to measure the volume of fiqusfled 
ssmple with which the plate is confacted in order to ob- 
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taf»i an appropHaie concentratron of rsagsnt wilhin the 
sampte aJiquoi^ retained in the wells. This rs achieved 

to each well m which the presence of the reagent de^ 
sired. sijch discrete quantities can bo provided in a va- 5 
nety of ways. Including the particular embodiments de^ 
scribed herein, these embodiments erther use reasent 
adhered to the Weli surface jn such a manner that the 
amount of reagent dissoh/ingjduf^lng the auto-afiqugtina 
process Is negligible, or provide reagent in a focatron so io 
mat rt does not 6ome into contact with liquid untif after 
the auto-aliquotihg process is complete. • 
IPOGGJ For eKdmpfa. the Inner stirface of one or more 
welia can be coiina treated and reagent dried onto the 

^^9^*^^<^ as from a highly concentrated re- '5 
agent aoiution. ffeagent- deposited In this manner wfu 
dissolve etowly, -sp that the amount lost during the auto- 
alJquotIng procasb win be negligible. The majority of the 
reagent will Then= dissolve durrng the Initial pan of the 
Incubation period] The dissolution rate can also be con- 
trolled by selectidi of the media components, 
toosT] ir> another example, reagent can be deposited 
onto protrusions ^rom the surface of the plate lid The 
protrusions are pdsrtioned so that the tips of the protru- 
■siona wfll project into aidivrlduai weMs when the lid is 
closed on the plate. Reagent can be dfeposlfod on the 
ovter surface of prtrtruslons, but preferabfy is deposited 
into cavitres in the. tip of the protrusions. JhQ reagsnt 
can-be deposited ih any manner which wfll result In the 
reagent being siib^tantrally retarnad in positron during 
pre-use handling of the plate, Thi/s. for example the re^ 
agent oan be reiarr^ed by physical barrier means, but is 
preferably adherec< to the surfece of the protrusion and/ 
or the surface of a davrty fn the tip of the protruaion. such * 
^ by a process involving corona treatment and drylno ss 
cf the reagent ontoithe treated surface. 

_CoronaTl-efltment|gnd Reaoent PapoaJtinn 



ymefr chains, • 

[0069J As indicated; this treaTmont process increesas 
the binding of polar compounds, such as aqueous solti- 
tion components. Therefore, forthe use of. corona treat- 
ment in preparing plates of this Invention, following the 
corona treatment of- the well surfaces, a concentrated 
solution of reagent Is dispensed into the- wells As the 
Corona treated surfaces are now wottab/e (e g hy- 
droRhnie) thS liquid reagent forms a uni/orm coating over 
the surface of the well. The plate is then dried, generally 
in a dryrng oven, drfvlng off the liquid water and leaving 
a hard, coating of solid n^gent In the wells. 
[0070] As noted above, different reagsnts can be de- 
livered to different weJis. and/or some wells may recerve 
no reagent. Wells receiving no reagent would also ueu- 
airy not be corona-treated, other methods known in the 
an can also be used to Increase the adhesion of reagent 
to the appropriate plate surfaces. 
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[0068] Typical plajstics are made up of long chains of 
linked subunrts, for Example, polyethylene fs composed 
of long chains of ethylene subunits. In general, aqueous 
solutions and the salutes in aqueous solutions are not 
attracted to Interior dhain subunits and therefore will not 
bind flffectfve/y to sUch locations. In contrast, there is 
often much greater lafflnlty between such eoiuies and 
• chain ends, particularly where the chain end has a rel- 
atively polar charactbr As understood by those skilled 
in the art, cdrona treatment is a method which Increases 
the hydrcphilfclty of 4 treated pisstio surface. The corc^ 
ria treatment process! generally entaile passing the plas- 
tic through an clectrit arc. The energy imparted by the 
elGctric arc introduces a significant number of chain 
breaks, thereby IncrGjasIng the number of relatK/eiy hy- 
drophiKc ends available for Neraction. In addition, the 
electric arc also generates ozone, which, as a strong 
oxidizing agent genefates ©tni additional chain breaks 
and polar side groupsjby oxidizing bonds within the pol- 
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£0071] In use, a test sample can be Ifquefied or diluted 
with an appropriate sterile butter or saline solutkjn. A 
quantity of the liquefied Sample can then be distributed 
overthe surface of the plate, fn a preferred mode of ueo» 
the liquefiod sample is expected to contain or Is diluted - 
to cpntain about 1^ units of the bJological material to 
be quantified, e.g.. viable bacterial cells. An incubation 
plate 10 of for example Figs. 1 A-lC is dipped into the 
liquid sample sufflclantV to fill the wells, withdrawn, and 
allowed to drain briefly by holding at about 90 degrees 
•to the hori:tontal. .In this use mode, the plate provides 
both an auto-aliquotrng function and an auio^diepensing 
function. Aflernatively, In the case of a plate having a 
perimeter wait, an excess of the liquefied .sample is 
placed in the incubatton plate to and that liquid swirled 
wrthfn incubation plate 1 0 to distribute the inoculated liq- 
uid to each of wells 72. Incubation plate 1 0 Is then held 
at an atigf e of approximately 90 degrees to alfow excess 
liquid to drain from the plate. As shown In Rgs. 3A-3G, 
a lid 14 may then be placed on the incubation plate and 
that plate held in an incubator forthe appropriate length 
of time, for example 10-48 hours. After That length of 
time, the presence or absence of s positive result can 
be scored In each well 12 of the pfate. 

Exampte 1: Uee of in cubation PiefteFor BulkTefiting 

[0O72] For total piate count, a plate as described 
above is u sed for the dateetlon and quant if?catron of the 
total bactorfai ooncentratlon of food. It can be based on 
amultlple enzyme techntology which correlates enzyme 
activity to the preserice of Viable bacteria In food. It uti- 
lizes multiple enzyme substrates that pn:>duce a blue flu- 
orescent color when n^abofized by bacteria. The mul- 
tiple enzyme reagent ie coated on interior surfaces of 
wells of the plate. When a liquefied prepared food sam- 
ple Is distributed into the wells of s plate as described 
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herein, the tota/ viable bacterial conc^ntratran of that 
tqcKi proc^Lict can b6 determined after 24 hours of incu- 
bation. The actual macfium used herein is not critical to 
the IfTvention. buUs provided only for lilusiratlve purpos- 



es. 



StOMofl a nd Df^pofifll 

[0073J Unused test plates are stored at room iBmper- 
ature (4' to 25-C) away from the Hght. After use. the 
rncubatlon plale device wiM contain viabl9 bacieria which 
must be handled and discarded appropriately. 

ipsX Procedure ■ Dip ma thod sanftpla epojioathan 

[0074] 

1. Obtain a sampte by removing an appropriate 
quantity of a bulk nraterial to be tested, if needed 
the sample is liquefied or dfluted In a'sufficieni vol- 
ume to allow a plate to be dipped into ihe sample. 

2. Grasp an Incubation plate without contacting the 
sampfe application aurfac© {preferably grasp the 
plat© by the handle portion if the plate incudes such 
a portion). Dp the bottom portion of an opened irv 
cubation plate into the sample, withdraw the plate 
immediately, and bold at approxtmatoly 90 degrees 
to the horizontal to allow excess liquid to drain from 
the plate. Preferably the excess liquid is allowed to 
drain into a waste receptacle rather than being al« 
lowed lo drain back Into the sample container in or- 
der to reduce the poss4)|e deposition of reagent Into 
the sample container Make sura that all liquid 
"cross bridges" between wells are removed by gen- 
tly tapping the plats. Dispose of excess liquid ap- 
propriately. 

3. Place the lid back on the plate (or close an at- 
tached lid). 

, 4. Place the plate in an incubator for 24 hours. 
Plates can be Inverted if desired. 
5. Count the numbs r of fluorescent wells after 24 
hours by placing a a watt 365nm UV light within five 
■ Inches of the plate. Do not read plate before 24 
hours. Heaults are stable to 4Q hours, 
e. Compare the number of fluorescent walls to an 
MPN chart todeientiine the most probable number 
of bacterial preeeni in the plate. 
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Teat Procedure 
[007S] 

1. Add 1 0ml of sterile buffer (or saline) to a tube, if 
greater than □. 1 ml of food sample is lo be inoculat- 
ed into the le^t. reduce the volume of sterile buffer 
appropriately to achieve a final volume of 10ml In 
the tube. 

2. Inoculate the buffer with the food sample belno 
tested. 

3. Shake the tube several times to completely mix 
buffer and inoo ulated food sample. 

4. If the tubs is-of sufficient ei:re, dip the plate into 
the sample or alternatively pour th© bu/fsr/sampfe 
suspension over the sample application surface of 

. an incubation plate as approprrate, taking care that 
all The wells are filled. After sample application, im- 
mediately hold the plate at approximately go de- 
grees to the horfzonlal to allow excess liquid to drain 
from the plate. Preferably the excess liquid Is al- 
lowod to drain into a waste receptacle. Make sure 
then all liquid •cross bridges" between wells are re- 
moved by gently tapping the plate. Dispose of ex- 
cess liquid appropriately. 

S. Place the lid back on the plate (or close an at- 
tached ltd). 

6., Place the plate in an incubator for 24 hours. 
• Plates can be Inverted If desired. 

7. Count the number of fluorescent wells after 24 
hours by placing a 6 watt 365nm UV light wfthin five 
inches of the plate. Do noi read plats before 24 
hours. Results are stable to 49 hours. 
S, Compare the number of fluorescent wells to an 
MPN Chan to determine the moat probable number 
of bacterial present In the plate. 
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Exampie 2: Use of Inp ubatfon Plate Tor Untt Dose 
Tasting 

[0075] The plate containing media described In Ex- 
ample 1 are used for this teirt. 
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£0077] The patent dcxruments and other references 
cited herein are each incorporalsd by reference to the 
same extent as if each had been separately incorporat- 
ed by reference in Its entirety. 

Dip Stick Testfna Device Fbr Mferooroantern 

PelQCtlon and Enumeration 

(0078] . Next referring to Figs. 8-13, the concept is to 
use small individual absorbent materials which contain 
lyophlJIzed or 'dip-dried" reagent in a setting that allows 
automatic sampfe distribution and target mfcroorganism 
enumeration. 

iP079] A number of reagent-containing absorbent 
fhydrophilic) materials ('reagent Islands') are imrriobi- 
lizod onto a support structure made of a hydrophobic 
material to form individual reagent islands. The reagent 
Islands may be embedded h the support structure, for 
example. However, this should not be construed as lim- 
iting as any form of securing the reagent island to the 
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support structure may be used as long as it does, not 
rnterfere wrth the as^ay. The liquid absorbing rate of 
each reagent island In thrs embodimem is the same bo- 
caus© the reagent Isfands are made of the same rmta- 
riar and have \ho same size. Further configuration can s 
be nnade so Ihore are two or more groups of reagent 
islfeinds in dffferent sizes to form a setting that can be 
used to achieve higher mfcrborganism quantfficatbn 
Without serial dilut bn bgsetf on the prf nciples of the iVIost 
Probable Number (MPN) method. • to 
[OOao] In a preferred embodiment, the reagent is one 
deveJoped to test for the presence of target microorgan- 
isms in a sample using, but not llmrted to, defined sub- 
stmte technology (DST) and/or.Mtiltrple- Enzyme Tech- 
nology (MET). A positive detection of target mlcroorgan- 
Isme In such reagents will cause a color change ot the 
r<^=ig©nt and/or cause the emfssion of a fluorescent sig- 
r-hi from the reagent when viewing under a long-wave 
<JV lamp. Examples of auch reagents are ColIJen®, Eri- 
t:5rotert™, Simplate TPC^, and Si'mplal© CEc"™. ' eo 
[0081] Sample inoculum fs pre-calculatsd based on 
the maximum abtorbing rate (saturation point) of a re- 
agent Island and the total number of reagent islands on 
a device. When the pre-determinod amount of fiqurd 
sample (le. water, mi/k. juice and food homogenous) is 
inoculated on to this device, each reagent island ab- 
sorbs the same amount of sample. Sample can be dis- 
tributed to each reagent island by simply moving the de- 
vice in back-forth or circular motten. The area between 
each reagant island is hydrophobic and when each re- 3a 
agent isfand absorbs sample to its saturation point, 
there wUI be no sahtpte left between the reagent islands 
and <^ross contamination between reagent Island will be 
prevented. Liquid sample absorbed by the reagent Is- 
lands: also re-hydn3lyz?ss the reagent in the reagent is- 3S 
lands to support the growth of microorganisms in the 
sample. 

[0082^1 After incubating the sample-containing device 
at a F(re-determined temperature, reagent islands con- 
taining target miordorganisms from the sample will have -fo 
• a chahge in color dnd/or emit fluorescent signals (posl- 
irve); ; reagent istends lacking target microorganisms 
from the sample will exhibit no cotor change and omit 
no fluorescent signals (a negative. result). Target micrx3- 
organlsm concentration in the sample under t9STlng can 4S 
be caltulated based on the number ot positive and neg- 
ative reagent Islands obsen^cd using the Most Probable 
Numbfere (MPN) method. 

[0083] Another application of this concept is to have 
reagerlit islands fyophillzed with different types of rea- «p 
gents. lEach reagent is designed to test one spscifrc as- 
pect ot a sample, such as microorganisms, chemicals, 
or any pther detectable analyte of interest. Combination 
of thseje reagent islands in the same device fornis a test 
kit providing a one-3lep test for multiple chemicals, an- «5 
alytes, or biological materials. 

Specrficelly referring to Pigs. 8 and g. there is shown 
another aspect of the invention which comprises a dip 



stick 100 containing a reagent Island 101. The stick will 
ganeraJfy be' made of plastic, but its composition is not 
critical and may be constructed of any. hydrophobic ma- 
terial which wiJI not (each into the test sample or interfere 
wfth the assay. Figures 8 and 9 depict the stick with a 
single reagent island. 

(0084] Figure 1 0 depicts a preferred embodiment of 
the dip stick containing multiple reagent islands 102. 
Zones of reagent islands may be set up bn the dip stick 
with each zone having reagent islands that contain dif- 
ferent reagents or different combinations of reagents 
than the other ?ones, thereby erjabling multiple assays 
to be performed on a singfa dip stick, each zone testing 
for a different analyte or mferoorgariism. Figure 11 de- 
picts the dip stick assay device of Fig. 10 which has un- 
dergone the assay procedure and illustrates reagent is- 
lands showing both positive resufts fdark caagent is- 
lands) and negative results (white reagent fslands). 
IpoeS] Figure 12 shows a preferred embodiment of 
this aspect of the Invention. There Is shown the dip stick 
too with multiple reagent Islands 101 which is folded 
and inserted into a test tube lOa In Ihis embodiment, 
the test tube also has a cap 104 which further protects 
the reagant islands from environmental factors. Of 
course, the device can be placed In other types of con-s 
tainera such as a plastic sleeve or any container whksh 
serves to protect the device. The reagent piaoed on the 
reagent island can be any reagent or combination ot re- 
agents which can be distribtned onto or into the material 
of the reagent rsland; 

Application of Test Sample to Dip Stick DovlGe 



[QoaS] The methods of applying sample to the device 
are varied. The dip stick can be dipped into the test sam- 
ple, and left In contact long enough for the reagent is- 
lands to absorb a predetermined amount of fluid. Thie 
will generally be leas than 3 seconds, but may be more 
depending on what materialthe reagent Islands are con- 
structed from. In a preferred embodiment, the reagent 
Islands are constructed from cellulose. However, they 
nhay also be constructed of any matenal which is capa- 
ble of absorbing and holding a volume of fluid. The test 
sample may also be pipetted from the rest solution onto 
the reagent islands with a transfer pipette. 
[0087] The support stojcture may alsocomprisa a box 
made of plastic or o^er suitable hydrophobic material. 
The reagent islands may be positioned inside of the box 
and the box can be opened and test solution applied 
using a pipette or t>y pouring, or any eultabte means. 
The box may have a »d to further protect the device se-. 
cured thereon or as a separate piece. 
[OOSaj Referring ncw to Ffgura 1 3, the support struc* 
ture may also comprise a center support 104 to which 
"leaves'! 05 are attached and support the reagent fo- 
' lands 106. The leaves can be arranged in a three-di- 
mensional structure as depicted in Figure 1 3. thereby 
nnaximizing the number of leaves which can be accom- 
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modated on one dsvica Vn^ device can be pfaced into 
a circular contarner 108 and a cap. 107 placed thereon 
to provjde further protection for the devfcs be/ore, dur- 
ing, and after devel6pnr>eni of the as^y. 

Pgpette Devfce 

10089] Referring now to Figure 14. in another aspect, 
the invention pFWides a device comprising a support 
structure 109 which fa contained within a laboratory pi- 
pette 111. Multiple reagent islands 710 are contained on 
or within the support structure 109. Preferably, the "sup- 
port structure 109 has more than one s/de with reagent 
isfands 110 thereon. The support stofcture 109 is most 
preferably fonned of a synthetic potymer. such as a plas- 
tic, and is inserted Into a laboratory pipette lii which 1© 
preferably compriseti of glass or plastic and has a ta- 
pered end for sample uptake. Sample may be merely 
drawn into the pipatte by an asperarlon apparatus 
. Known In the art, allowed to remain for a time sufficient 
for the reagent islands to absorb a predetermined voK 
ume of Jest sample, and expelled from the device The 
devpce is then Incubated for a time sufficient to develop 
The assay, and the resufts determined. The pipette itself 
comprises both a simple means of applying sample to 
the test device, as well as a piotectiva function. 

Example 

A Bacterial Detection SystGoi for coliforms and E. 
coll In MUk Using the Dip Stick Device 
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T^ble 1 (continued) 



Milk Semplcw 


Dipstick Device (cf u/ml) 


#710 


56.3 


#713 


18 


#3B1 


0 


#3B2 


37 


#262 


0 




9.3 


#6ia 


691 


#61 8 A 


AfU 


#622A 


ia 


#622B 


36 




3 


#7697A 


56 


#7697B 


22 


#7697C 


16 


#76970 


31 


#811- 


3 


#915 


16 


#919 


6.2 


Mean: 


23.41 


Std. Deviation 


20.76 



90 



[0091) The invention has been deecrfbod In detail with 
particular reference to cenaln prefon^d Embodiments 
thereof, but it will be understood that variations, and 
modifications can be effected wfthin the spirit and scope 
Off the invention. 



[0090] The followfr>g is an example of howthe present 
invention provides a method of colrfonm detection in milk 
that is easy, does not comprise many steps, and pro-^ 
vides results that are easy to interpret The assay was 
conducted using a test device with multiple reagent Is- 
lands, each of whteh absorbed ,033 ml of mik. The milk 
was added to the t6st device and was auto-aliquoted to 
all the reagent islands. The sample was incubated for 
24 hours and provided the nimber of coilforrns present 
by examining how many of the reagent islands change 
color. The number of collfomrs present is determined 
based on the f^/IPN chart. The data obtained from the 
^&say are set out In Table 1 . The flexibility of the test 
device's uptake abi'lity Is emphaafi^ed since volume up- 
take can be easily adjusted by adjusting the number 
and/or sizes o< the reagent Islands. The device also has 
the capability to.have multiple tests on the same device, 
by Impregnating reagent fsteinds with different media. 
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Table 1 


Milk Samples 


Dipetfck Device (of u/rni) 


#7197A 


10.3 


#71973 


11.6 


#7197C 


16.4 



Claims 

1. A sterile Incubation plate for determination of the 
presence or amount of a biotogical material, said 
plate having a generally flat horizontal surface, said 
surface defining a plurality of recessed wells, each 

. of sa id well being adapted to hold an aliquot of Hquid 
and being sized, shaped, and formed of a 'material 
suitable to hold an aliquot within said wells by sur- 
face tension, at feast one of said wells containing at 
least one r^^^mx for the detection of biotegteal ma- 
terial such that said Incubatton plate will not provide 
any positive response for biological material in the 
absence of biological material present In a sample 
applied to sakf plate. 



^ 2. The plate of claim l , wherein said reagent is depos- 
ited into said wells by corona treatment and drying. 

The plate of claim 1 , further comprlsfrig a lid. 



3. 



^ 4. A sterile incubatton plate for determination of the 
presence or amount of a bioloQica! materia J. said 
pfata having a generally flat horizontal surface, said 
surface defining a plurality of recessed wells, each 
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6. 



7. 



a 



well being adapted to hold an aliquot of liquid and 
being sized, shaped, and formed of a material suit- 
abte to hold daid aliquot wfthin each said well by sur- 
face tension, and a Jid having at least one protrusion 
fittable into ai least one of ©aid wgllg and containing 
at lea.5t one raaQent for Ihe.detecifon of bblogjcal 
maierial such that safci incubation pJate wiil not pro- 
vide any positive response for said biological mate- 
rial in the absence of & said bfologlcal material 
present In asample applied io said plate. 

Tlie plate of clahn 4. wherein said at least one rea- 
gent is dried onto said at ieast one protrusion. 

th^ plate of claim 5. wheroin the tip of said at least 
one protrusion is corona treated prior to deposition 
of said reagent. 

Tlie plate of claim 4, wherein said at least one pro- 
trusion has a cavity, and said reagent is contained 
within said cavity. 

The plate of claim 7. Wherein the surface of said 
cavity is cxsrona tre^ed. 

Tlie plate of claim 1 or 4> further comprieing plurality 
of different reagents. 



Id 



15 



SO 



10. The plate of claim 9, wherein different reagantsare 
provided to different wells among the plurality of 
said wells. 



30 



11. The plate of claim l or 4, wherein said at least one 
reaigent comprises cells of at feast one bacterial 
strain. 3s 

12. The plate of claim 10, wherein art least some of said 
different reagents provide different assays. 

13. The plate of claim 1 or 4, wherein said plate rs 
fonned of a hydrophobic material. 

14. The platd of claim 1 or 4, whe rein each of said wells 
' ie chamfered to aid in the removal of excess liquid. 
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15. The plat© of claim 7 or 4, wherein said plate further 
comprises a handle portion. 

1 &. A method for detection of the presence or amount 
of a biological material in a sample, comprising the 
steps of: 

providing. Ineubatlon pf^e comprieing at 
feast one well containing at least one reagent 
for detection of biorogical -material, said plate 
having a generally flat horitontal surface, said 
surface defining a plurality of recessed wells, 
each of said wells being adapted to hold an al- 
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Iquot of liquid and being sized, shaped, and 
formed of a material suitable to hold said aliquot 
within each of said wells by surface tension, at 
feast one well containing at ieast one reagent 
for the detection of said biobgica! material; 
distributing a liquid sample over the surface of 
said incubation plate; 

drainbg off any eKcess liquid trom said incuba* 
tlon prats; and 

Incubating said incubation plate until the pres- 
end© or amount of sard biological material in' 
tane or more of said wells is deterfnlned so that 
the presence or amounf of said biological ma- 
terial can be determined. 

17." A method for detection of the presence or amount 
of a biological material in a 5amp;e, comprising the 
steps of; 

providing a stent e incubation plate comprising 
a plate portion having a generally flat horizontal 
• surface, said surface defining a plurality of re- 
cessed weHs^ each of said wells being adapted 
to hold an aliquot of liquid and being sized, and 
shaped, and formed of a material suitable to 
hold said aliquot within each of said wells by 
surface tension, and a- lid having at least one 
X protrusion containing at least one reagent for 
detection of said biological material wherein 
each said protrusion fits into one of said wells 
when eald fid is closed on said lower plate pot- 
Won; 

distributing a liquid sample over the surface of 
said incubation plate; 

draining off any emcees liquid from said Incuba- 
:tion plate; 

closing said lid on said plate portion such that 
said at least one reagent on said at least one 
protrusion contacts allquois of liquid in said in- 
dividual wells; thereb/ aUowing dissolution of 
said at least one reagent; and 
incubating said incubation plate until the pres- 
ence or anwunt of said biological material In 
one or more of said wells is determined so that 
the presence or amount of said blotogrcal ma- 
terial can be detemnlned. 

1 8. A melhod for making an Incubation ptate comprising 
at least one reagent, said method comprising the 
steps of: 

a) providing a siGrils incubation plate having a 
plate portion with a generally flat horizontal sur- 
face, said horizontal eurfaca defining a plurality ■ 
of recessed wells, each of said wells being - 
adapted to hold an aliquot of liquid and being 
sized, shaped, and formed of a material suita- 
ble to hold said aliquot within each of sard wells 
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by surface tension, anda *td comprisingat least 
one protrusion, wtierein said prolrue ion file Into 
one of said we/Is when said lid Is closed on said 
lower plate portion; and 

b> drying said at least one reagent from a liquid 5 
suspension, or solution onto said at least one 
protrusion. 
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